Objectives: Fragmented QRS (fQRS) is an indicator of nonhomogeneous ventricular activity caused by myocardial ischemia and fibrosis. The anti-ischemic agent trimetazidine (TMZ) added to pharmacological treatment appears to have positive effects on cardiac parameters of patients with ischemic heart failure. We aimed to investigate the relationship of fQRS with adjunctive TMZ therapy in ischemic HF patients. Methods: Four hundred eighty-nine consecutive ambulatory ischemic patients with heart failure eligible for our study were recruited for the study. A 12-lead electrocardiogram with standard chest and limb leads was used to evaluate the presence of fQRS. Further patients were divided into groups according to adjunctive TMZ treatment and fQRS presence. Confounding factors were adjusted by propensity score matching and multivariate logistic regression analysis. Results: One hundred ninety-seven (40.3%) patients had fQRS on their ECGs and 235 (48.1%) patients were on adjunctive treatment with trimetazidine. Compared to patients without fQRS, patients with fQRS had lower left ventricular ejection fraction (LVEF), higher NYHA classes and more frequent mineralocorticoid receptor antagonist and diuretic usage (p < 0.05). Add-on treatment with TMZ was independently associated with fQRS presence (OR, 0.45; (95% CI, 0.29-0.70); p < 0.0001). Conclusion: According to conventional therapy, adjunctive treatment with TMZ among ischemic heart failure patients can be associated with fQRS in 12-lead ECG independent of LVEF.
cise tolerance, endothelium-dependent relaxation and electrophysiological properties for risk of major arrhythmias when added to conventional pharmacological treatment in patients with ischemic HF [2, [6] [7] [8] .
Recently add-on therapy with TMZ have demonstrated to reduce mortality in these patients [1] .
Several clinical parameters have shown association to cardiac death and HF progression including older age, prior MI, and diabetes mellitus [9] . Fragmentation in the QRS complex (fQRS) in 12-lead ECG has also been shown for prediction of cardiac events in patients with coronary artery disease (CAD) [10] . The fQRS is a result of myocardial scarring or ischemia that causes heterogeneous ventricular activation and dyssynchronous contraction [11, 12] . The effect of adjunctive treatment with trimetazidine on the presence of fQRS in ischemic HF patients is obscure. So, in this study, we aimed to investigate the association of add-on therapy with TMZ with the presence and extent of fQRS in patients with ischemic HF.
METHODS
The study population included patients with heart failure who were admitted to the cardiology outpatient clinics for ischemic heart disease and were under treatment with optimal, regular medication modalities for at least 6 months. The etiology of the heart failure was coronary artery disease documented by coronary angiography and a comprehensive echocardiographic examination, including M-mode, two-dimensional and Doppler echocardiography in all of the included patients [13] . Information was obtained by document review and patient interview following patient consent. Patients' medical notes provided patient details, past medical history, laboratory investigations, drug treatment on admission, and other relevant information such as adverse effects and compliance. Patients who have irregular trimetazidine usage (previous usage with cessation or not taken properly), mitral, aort, tricuspid and pulmoner stenosis or other severe valvular heart disease, non-ischemic dilated cardiomyopathy, left ventricular ejection fraction (LVEF) > 50% in echocardiography and New York Heart Association class (NYHA) IV were excluded from the study. Other exclusion criteria were; patients with acute myocardial infarction in the previous 3 months, with atrial fibrillation, chronic lung disease or any systemic disorder, complete or incomplete bundle branch block and pacemaker rhythm on ECG and use of additional antiarrhythmic drugs other than beta blockers.
All subjects were screened with a questionnaire. Demographic information, comorbidities, medications, symptoms, and history of trimetazidine therapy of the patients were obtained. Hypertension (HT) (systolic or diastolic blood pressure > 140 and 90 mm Hg, respectively, or pharmacological therapy with antihypertensive drugs), diabetes mellitus (DM) (fasting glucose plasma concentrations > 126 mg/dL or pharmacological therapy with antidiabetic drugs or insulin), hyperlipidemia ( low-density lipoprotein (LDL) cholesterol levels ≥ 130 mg/dl or being treated with lipid-lowering medication) were considered definitions. Smoking was defined as at least 20 cigarettes per month for more than 6 months.
A 12-lead electrocardiogram with standard chest and limb leads was used to evaluate the presence of fQRS. The paper speed and amplitude were set to 25 mm/s and 10 mm/mV, respectively. The lowfrequency cutoff (high-pass filter) was set at 0.16 Hz and high-frequency cut off (low-pass filters) was set at 100 Hz. All ECGs were interpreted by two cardiologists who had no knowledge of the patients' clinical information. Fragmented QRS was defined as the QRS complexes with the presence of an additional R wave (R') or notching in the nadir of the R wave or the S wave, or the presence of >1 R' in two contiguous leads, corresponding to a major coronary territory. The study was approved by hospital Ethics Committee and patients gave their written informed consent.
Statistical Analysis
The SPSS statistical software (SPSS 17.0 for Windows, Inc., Chicago, IL, USA) was used for data analysis. Quantitative data were presented as mean ± standard deviation or median and interquartile range, and categorical variables presented as percentages. After testing data for normal distribution by using Shapiro-Wilk test, Student's t-test or Mann-Whitney U test were used to compare continuous variables. Chi-square test or Fisher's exact test, as appropriate, were used to identify statistically significant differences for categorical variables. To evaluate the correlations between fQRS and clinical presentation, we used the Spearman's ρ correlation analysis. To minimize the confounding effect of possible factors and to obtain the best balance among groups, we performed a multivariate logistic regression model based on the significant demographic, clinical and treatment characteristic variables [14] . Logistic regression analysis was used to examine the associations between fragmented QRS, additional treatment with trimetazidine and other variables. Variables with a p value of < 0.1 in univariate logistic regression analysis were included in a multivariate logistic regression model. Statistical significance was defined as p < 0.05. Statistical tests were two-sided. Age >65 years, n (%) 133 (27) 80 (41) 53 (18 (26) 26 (5) 88 (45) 83 (42) 26 (13) 249 (85) 43 (15) 
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RESULTS
Of 489 consecutive patients recruited for the study, 327 (67%) were male and 133 (27%) were more than 65 years old. Mean age of the patients was 61. Patients were on standard medical therapy for heart failure (HF) according to current guidelines [15] . Two hundred and thirty five (48.1%) patients were on TMZ treatment added to conventional therapy. When patients were classified according to adjunctive TMZ treatment there were no differences between the 2 groups with regard to the specific drugs used with the exception of diuretics, MRA, β-Blocker, digoxin and angiotensin receptor blockers (ARB). Patients in the conventional treatment group had higher rates of fQRS and higher number of leads with fQRS (p < 0.0001) ( Table 2 ). After matching groups according to demographic, clinical and treatment characteristics, presence of fQRS remained significantly less frequent in adjunctive TMZ treatment group (Table 3) . There were no differences between the groups regarding hematologic and biochemical parameters.
In stepwise multivariate logistic regression analyze, age > 65 years, male gender, hypertension and add-on treatment with TMZ were independently associated with fQRS presence (Table 4) .
DISCUSSION
Our study results showed the independent association of fQRS in 12-lead ECG with adjunctive TMZ treatment according to conventional therapy among patients with ischemic HF.
In this study, the presence of fQRS was evaluated in ambulatory ischemic systolic HF patients to investigate its relation with clinical symptoms and add-on TMZ therapy. Many studies have demonstrated that the rates of the fQRS widely range between percentages (28%-54%) [10, 11, 16] . This wide range can be explained by the differences in the patients' groups, different treatment methods and variability in the ranges of filters adopted in the ECG imaging of these studies. In this study, the frequency of fQRS was 40.1% in ischemic systolic HF patients. The extent of fQRS on ECG was correlated with NYHA functional class, and both the presence and extent of fQRS were associated with a poor overall clinical presentation besides NYHA class, including increased usage of diuretics and MRAs, and lower LVEF. Because of well documented negative correlation of LVEF with the number of leads with fQRS, we proposed that those patients with increasing number of leads with fQRS had greater myocardial scar tissue or ischemia in our study. Our suggestion was compatible with the scholars as successful myocardial reperfusion by invasive treatment had decreased the number of fQRS leads and the probability of ischemia detection by myocardial perfusion scintigrams was higher in patients whose ECGs have fQRS [17, 18] . Also, while, fQRS was found to be associated with poor functional NYHA class in hospitalized decompensated systolic heart failure patients [19] ; different from our study, Cheema et al. [20] could not demonstrate a relationship between fQRS and EF in patients receiving ICDs for primary prevention due to ischemic and non-ischemic heart failure. The diffusiveness of probable residual ischemia and the differences in clinical characteristics of the enrolled patients may be likely explanations for this discrepancy.
The fQRS is related to a higher adverse cardiac event and decreased life span in patients with known atherosclerotic heart disease [10] . Myocardial scar and/or ischemia have been implicated in the formation of fragmentation of the QRS complex, leading to inhomogeneous ventricular activations. Different fQRS morphologies are caused by shifting QRS vector during depolarization in and around scars or myocardial ischemic areas, depending on their extent and ventricular locations [16, 21, 22] . The beneficial effects of TMZ on left ventricular systolic function and functional capacity were emphasized more markedly in patients with more severe reversible perfusion defects [23] . Although residual ischemia wasn't evaluated in our study; benefits of adjunctive metabolic treatment was indirectly supported by demonstrating the higher prevalence of the fQRS presence in ischemic HF patients with conventional treatment barring TMZ. The diagnostic accuracy of fQRS has been investigated in different studies in which they have showed that in addition to significant relation with coronary reversible ischemia [17, 18] , fQRS was moderately sensitive but highly specific for myocardial scar [24] . The fQRS have also been defined as a predictor of arrhythmic events and appropriate ICD shocks in patients with cardiomyopathy who received an implantable cardioverter-defibrillator (ICD) for primary or secondary prevention of sudden cardiac death (SCD) [16, 25] . Similarly, increased fragmentation might also serve as a marker of abnormal spread of ventricular activation leading to dyssynchronous contraction and impending HF [26] . In patients receiving cardiac resynchronization therapy for HF, increased number of leads with fQRS predicted response to treatment [26] . Both arrhythmias and worsening HF were demonstrated to be associated with a poor prognosis and prognostic value of add-on therapy with TMZ in ischemic HF patients was determined [1, 11, 12] . Our findings reinforce this evidence by the relatively low prevalence of fQRS presence and higher mean EF values in add-on TMZ treatment group relative to conventional treatment group.
Of interest, patients who had higher number of leads with fQRS were less frequent in adjunctive TMZ treatment group relatively to the conventional treatment group. In another study carried out in ischemic HF patients, the number of leads with fQRS was an independent predictor of cardiovascular mortality or re-hospitalization for HF [27] . We failed to demonstrate a similar association between number of leads with fQRS and treatment modality in subgroup of patients with EF ≤ 30%, although the small number of patients in these subgroups degreases the power of statistical assessment. So, we have postulated that fQRS precisely represents the myocardial scar other than ischemia in patients with EF ≤ 30% and may discriminate patients with poor prognosis.
Limitations
The limitations of the study include crosssectional and single-center design. It was non-randomized, and thus, subject to selection bias. However, we were careful to include consecutive patients and had strengthened our results by matching groups' with propensity score analysis. The fQRS was not defined in the presence of complete or incomplete bundle branch blocks or paced rhythms, and therefore in this present study these patients were excluded from the study. Also, we did not use other quantitative modalities (myocardial perfusion scanning, stress echocardiography, or magnetic resonance imaging) to show the myocardial ischemia or scarring. Evaluation of residual ischemia wasn't performed with appropriate techniques; therefore contribution of residual ischemia to the trimetazidine treatment efficiency on fQRS prevalence is obscure.
CONCLUSION
In light of the present study by finding a significant association between the clinical presentation, adjunctive treatment with TMZ and higher fQRS frequency; we suggest that the prognostic benefit of add-on TMZ treatment can be at least partly by degreasing the frequency of the fQRS on ECG. Since the presence of fQRS in 12-lead ECG is related to myocardial ischemia or scarring; monitoring these patients closely by myocardial perfusion scanning or magnetic resonance imaging can allow us for discriminating patients who would benefit most from invasive or non-invasive treatment strategies. Nevertheless, future prospectively designed large scale studies going deeper in this discussion are required for investigating the importance of the adjunctive Trimetazidine therapy on FQRS.
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